INTRODUCTION
The SFRA is a powerful method for the detection and diagnosis of the defects in the active part of power transformers. It can deliver valuable information about the mechanical as well as electrical condition of core, windings, internal connections and contacts. No other single test method for the condition assessment of power transformers can deliver such a diversity of information. Therefore the SFRA is an increasingly popular test. The value of fingerprint data is more and more recognized by users all over the world. Comparing the time and frequency domain FRA test methods is seems to be obvious the SFRA, measuring directly in frequency domain, prevailed. Reproducibility is the key for a successful application of SFRA. [4] Comparison with other diagnostic techniques show that the key advantages of FRA are its proven sensitivity to a variety of winding faults and a lesser dependency on previous reference measurements, but there is a need for an objective and systematic interpretation methodology. [1] SFRA has been a key tool in the decision to scrap or reenergize a transformer. To get value from an SFRA test it is necessary to make sure that the measurements are credible, which requires good test technique and simple procedures; proper training is thus essential to control the measurement process. Subsequent interpretation of results is carried out with due respect to other tests and the context of the assessment -are we making SFRA measurements as part of a routine assessment, or as part of a post-fault investigation? Finally we should make conclusions which are supported by evidence and relate to individual components of the transformer phases, windings, tap changers etc. [5] II.
DESCRIPTION OF THE TRANSFORMER
The Power Transformer of 10 KVA which is specially designed and developed in-house as shown in Fig. 1 for studying and analyzing SFRA Traces by doing practical simulation of various transformer damages on it. Some design details of the transformer may be found in Table 1 Fig 
III. TEST METHOD
The main FRA test types are given below.
End-to-end or End-to-end open
In the "end-to-end open" test, the signal is applied to one end of each winding in turn, and the transmitted signal is measured at the other end. The magnetizing impedance of the transformer is the main parameter characterizing the low frequency response below first resonance using this configuration. This test is the more commonly used because of its simplicity and the possibility to examine each winding separately. The "end-to-end open" tests can be made with the source applied on the phase terminal or on the neutral terminal. In principle, both should give similar results but the FRA user should specify the test set-up used and keep that information along with test data since it will influence the results.
End-to-end short-circuit
This test is similar to the end-to-end measurement above, but with a winding on the same being shortcircuited. Such measurements allow the influence of the core to be removed below about 10-20 KHz because the low-frequency response is characterized by the leakage inductance instead of magnetizing inductance. The resonance at higher frequencies is similar to the one obtained using end-to-end measurement.
The short-circuited winding can be floating or grounded. For three-phase transformers, there are two levels of variations, either per-phase or three-phase short-circuit. Furthermore, the end-to-end short-circuit tests can be made with the source applied on the phase terminal or on the neutral terminal. This test can be made if there is an interest in obtaining information related to the leakage impedance at low frequency, or removing uncertainties related to analysis of the core influence when residual magnetism is present.
Capacitive inter-winding
The signal is applied to one end of a winding and the response is measured at one end of another winding on the same phase (not connected to the first one). By definition, this test is not possible between the series and common windings of auto transformers. The response using this configuration is dominated at low frequencies by the inter-winding capacitance.
Inductive inter-winding
The signal is applied to a terminal on the HV side, and the response is measured on the corresponding terminal on the LV side, with the other end of both windings being grounded. The low frequency range of this test is determined by the winding turns ratio.
The choice of the list of the tests to perform should be adjusted depending on the purpose of the measurement.
To obtain benchmark test values for future comparison or for general condition assessment, the four main FRA test types presented above should be performed. If the test involves a winding with regulation (tap winding) the measurements should be performed at maximum tap. If there are limitations on the time available to perform all the tests, it is recommended to perform only the end-to-end tests on all windings. [1] IV.
PRACTICAL SIMULATION OF MULTIPLE WINDING FAULTS
Authors have discussed here about the multiple winding faults, i.e. the short circuited turns fault on HV "V" phase winding and earth fault on LV "V" phase winding have been practically simulated simultaneously on the 10 KVA Power Transformer. Before doing practical simulation of transformer damages, first SFRA Testing has been carried out on healthy condition of the transformer. The SFRA Traces of this testing would be utilized as base line or previous data. The SFRA traces for the healthy condition of the transformer are shown in Fig. 2 to Fig. 4 Authors have performed total 9 test, End-to-end (6 tests) and End-to-end short-circuit (3 tests) on the power transformer at Tap Authors have also performed total 9 test, End-to-end (6 tests) and End-to-end short-circuit (3 tests) on the power transformer at TAP 1 for the practically simulated multiple winding faults. The short circuited turns fault on HV "V" phase winding (1V Ph Tap Short) and earth fault on LV "V" phase winding (2V EF) have been practically simulated simultaneously on the 10 KVA Power Transformer. The short circuited turns fault on HV "V" phase winding was applied practically as per the details given in Table 2 , whereas the earth fault was applied practically at the terminal of LV "V" Phase winding of the power transformer. 3. LV Winding: Based on the above SFRA data analysis it is concluded that the transformer has developed earth fault in V (2V 2N) phase. It is possible to identify Earth Fault by other conventional method like, Tan Delta, Exciting Currents, Insulation Resistance, and TTR also. 4 . When the open circuit frequency response of any phase of star connected winding shows that the impedance value of it is lower in low frequency range and high in medium & high frequency range as compared to the other healthy phases than it indicates that the earth fault has been developed in that phase of star connected winding. 5. Based on the above SFRA data analysis it is concluded that the transformer has developed multiple winding fault, i.e. short circuited turns fault (i.e. Tap short fault) in V phase of HV winding and earth fault in V phase of LV winding. SFRA is able to identify both the faults very clearly which is not possible to achieve by only single test by any other method. It is the experience and interpretation of SFRA results plays a major role in identifying such multiple faults in transformer.
